Exposures to toxic metals such as mercury have been suggested to be risk factors for amyotrophic lateral sclerosis (ALS). Human intake of mercury commonly occurs via consumption of seafood or from mercury-containing amalgam dental restorations ('mercury fillings'). We therefore compared mercury exposures from these sources in 401 ALS and 452 non-ALS respondents, using an internationally-available online questionnaire that asked respondents how often they ate seafood and what their favourite types of seafoods were. Respondents were also asked to record numbers of current or former mercury fillings. ALS and non-ALS respondents did not differ in their frequency of seafood consumption or in monthly mercury intake from favourite seafoods. Both groups had similar numbers of current, as well as former, mercury fillings. In conclusion, this study found no evidence that mercury exposure from eating seafood, or from mercury dental fillings, was associated with the risk of developing ALS. Therefore, if mercury does play a role in the pathogenesis of ALS, other sources of exposure to mercury in the environment or workplace need to be considered. Alternatively, a susceptibility to mercury toxicity in ALS, such as genetic or epigenetic variations, multiple toxic metal interactions, or selenium deficiency, may be present.
Introduction
Toxic metals, and mercury in particular, have long been suspected to play a part in the pathogenesis of amyotrophic lateral sclerosis (ALS), also known as motor neuron disease (MND) [1] [2] [3] . Mercury can initiate oxygen free radical formation, induce excitotoxicity, reduce DNA, RNA and protein synthesis, cause epigenetic changes, activate autoimmunity, and interact with microtubules [4] , all mechanisms that have been implicated in ALS [5] . Electron microscopic studies indicate that mercury binds selectively to intracellular sulfhydryl-rich membranes such as those of mitochondria, the nucleus, the Golgi apparatus, the endoplasmic reticulum and lysosomes [6] , organelles whose functions have been reported to be impaired in ALS [5, 7] . Systemically-administered mercury is taken up selectively by rodent spinal and brain stem motor neurons [8] . Mercury is also taken up preferentially by human spinal alpha motor neurons [9] , spinal interneurons [10] , and corticomotoneurons [11] , and has been located in human astrocytes and oligodendrocytes [12] . All of these cells appear to play a part in the pathogenesis of ALS [5, [13] [14] [15] .
Environmental mercury remains a strong candidate as a precipitating factor for ALS, particularly if combined with a genetic predisposition to mercury toxicity [3] . However, despite toxic metals having biological plausibility and some epidemiological links with ALS, caution is advised regarding the limitations of methods used to assess human exposure [16] . One such limitation is that blood or cerebrospinal levels of toxic metals may not necessarily reflect the extent of previous exposure [17] , since, for example, mercury remains in motor neurons for long periods after it has been removed from other organs [18] . Major sources of human exposure to mercury are via the consumption of seafood, especially of large predatory fish such as shark, swordfish, mackerel and tuna [19] , and from mercury-containing 'silver' dental amalgam restorations [20] , here termed 'mercury fillings' [21] .
There is concern among people with ALS (as judged by online comments) as to whether they should attempt to reduce their mercury intake by having their dental amalgam fillings removed, or whether they should limit their fish intake. Interest has been rekindled in the mercury hypothesis for ALS [22] with a report of increased toenail mercury in people with ALS, possibly related to seafood consumption [23] . In addition, occasional reports have suggested that removing dental amalgam fillings, or chelation therapy, can result in stabilization or recovery from some forms of ALS [24] . We therefore sought to determine whether people with ALS are more likely than controls without ALS to be exposed to higher levels of mercury from these sources, using an online international questionnaire that gathered data on seafood and dental amalgam sources of mercury. Our results suggest that mercury exposure from these sources alone is not likely to be associated with the risk of developing ALS.
Methods

Setting
This case-control study used data collected between January 2015 and September 2017 from a multilingual web-based questionnaire, ALS Quest [25] . Cases were respondents who stated 'Yes, I have been diagnosed with ALS/MND.' Controls were participants who stated 'No, I have not been diagnosed with ALS/MND.'
Ethics Approval
The project was conducted in accordance with the Declaration of Helsinki, and was approved by the Human Ethics Committee of the Sydney Local Health District, reference number X14-0357. Responses used for the study were those where respondents consented by clicking an 'I consent' button and then submitted their responses.
Frequency of Seafood Consumption
Participants were asked 'How often do you eat fish or shellfish?' on an increasing 8-point scale of: Never, Less than once a month, Once a month, 2-3 times a month, Once a week, 2-3 times a week, 4-6 times a week, or Daily.
Favourite Seafoods
Seafood varies in its content of mercury, so participants were asked 'Please list up to three of your favourite fish to eat'. Names of seafood entered in non-English languages were translated into English (unless it was a country-specific indigenous fish). The average mercury content of individual seafoods was based on the USA Food and Drug Administration (FDA) report of mercury levels in commercial fish and shellfish [19] . The mercury content of Australian seafood species not present in the USA FDA report was taken from an Australian report [26] .
Estimation of Monthly Mercury Exposure from Seafood
The average mercury concentration in µg/g of up to three favourite seafoods was multiplied by 227 g (8 ounces, the weight of a typical seafood serving) [27] , and then by the frequency of seafood consumption (adjusted to a monthly value), to get an estimate of monthly mercury exposure from seafood in micrograms (Figure 1 ). Assumptions underlying this estimate were that seafood mercury levels around the world are similar to those in the USA FDA list, and that the frequency of seafood consumption and favoured types of seafood remain reasonably stable over a long period of time. To compare types of seafood eaten, shellfish (e.g., prawn, crab and lobster) and cephalopods (e.g., squid, calamari and octopus) were categorised separately from finfish.
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Estimation of Monthly Mercury Exposure from Seafood
The average mercury concentration in g/g of up to three favourite seafoods was multiplied by 227 g (8 ounces, the weight of a typical seafood serving) [27] , and then by the frequency of seafood consumption (adjusted to a monthly value), to get an estimate of monthly mercury exposure from seafood in micrograms (Figure 1 ). Assumptions underlying this estimate were that seafood mercury levels around the world are similar to those in the USA FDA list, and that the frequency of seafood consumption and favoured types of seafood remain reasonably stable over a long period of time. To compare types of seafood eaten, shellfish (e.g., prawn, crab and lobster) and cephalopods (e.g., squid, calamari and octopus) were categorised separately from finfish. Figure 1 . Estimating mercury exposure from seafood consumption. The average mercury concentration in g/g from up to three favourite seafoods was multiplied by a standard portion size of seafood (227 g), then multiplied by the monthly frequency of seafood consumption to estimate monthly mercury exposure from seafood in micrograms.
Mercury-Containing Dental Fillings
Respondents were asked 'Have you ever had an amalgam restoration (silver filling) as part of dental care?'. If they responded 'Yes' they were asked: 'How many amalgam silver dental fillings do you currently have? For people with ALS/MND, enter the number you had before being diagnosed. You may need somebody to help you count the silver fillings in your mouth.' Respondents were requested to indicate how many current fillings were occlusal, i.e., 'those that involve the top surface of the tooth (where you bite)' and non-occlusal, i.e., 'those that involve the side of the tooth only'. If they had no current mercury fillings they were asked to enter '0' for the current number of fillings, and then 'If you currently have no silver amalgam dental fillings, how many have you had in the past?' i.e., 'former-only' fillings. Responses were excluded if non-zero entries were made in both the current and former-only mercury filling categories, or if respondents entered 'Yes' to having ever had a filling but did not list any numbers of fillings. Respondents who responded 'No' were assigned a value of 0 for the number of current (combined occlusal and non-occlusal) and former-only fillings. Estimating mercury exposure from seafood consumption. The average mercury concentration in µg/g from up to three favourite seafoods was multiplied by a standard portion size of seafood (227 g), then multiplied by the monthly frequency of seafood consumption to estimate monthly mercury exposure from seafood in micrograms.
Respondents were asked 'Have you ever had an amalgam restoration (silver filling) as part of dental care?'. If they responded 'Yes' they were asked: 'How many amalgam silver dental fillings do you currently have? For people with ALS/MND, enter the number you had before being diagnosed. You may need somebody to help you count the silver fillings in your mouth.' Respondents were requested to indicate how many current fillings were occlusal, i.e., 'those that involve the top surface of the tooth (where you bite)' and non-occlusal, i.e., 'those that involve the side of the tooth only'. If they had no current mercury fillings they were asked to enter '0' for the current number of fillings, and then 'If you currently have no silver amalgam dental fillings, how many have you had in the past?' i.e., 'former-only' fillings. Responses were excluded if non-zero entries were made in both the current and former-only mercury filling categories, or if respondents entered 'Yes' to having ever had a filling but did not list any numbers of fillings. Respondents who responded 'No' were assigned a value of 0 for the number of current (combined occlusal and non-occlusal) and former-only fillings.
Statistical Analyses
Data from the Qualtrics server were transferred to IBM Statistical Package for the Social Sciences (SPSS) for Macintosh (version 22, IBM, Armonk, NY, USA) and GraphPad Prism 7 files. Extreme outliers (more than three times the inter-quartile range) in continuous variables were removed (numbers can be seen in the flow diagram). Nonparametric continuous variables were compared using Mann-Whitney U tests, and normally-distributed continuous variables with t-tests. Odds ratios with 95% confidence intervals and Fisher's exact tests were used for categorical variables when all cell numbers were ≥5. Significance was assessed at the 0.05 level. No significant male vs. female differences were found in any of the seafood or mercury filling variables (data not shown, see Table S1 ) so the genders were analysed together.
Results
Cases and Controls
From an initial pool of 1097 questionnaire respondents, 853 eligible ones remained after inclusion criteria (i.e., aged 40 years and over, answered seafood and/or dental questions) were applied ( Figure 2 
Statistical Analyses
Data from the Qualtrics server were transferred to IBM Statistical Package for the Social Sciences (SPSS) for Macintosh (version 22, IBM, Armonk, NY, USA) and GraphPad Prism 7 files. Extreme outliers (more than three times the inter-quartile range) in continuous variables were removed (numbers can be seen in the flow diagram). Nonparametric continuous variables were compared using Mann-Whitney U tests, and normally-distributed continuous variables with t-tests. Odds ratios with 95% confidence intervals and Fisher's exact tests were used for categorical variables when all cell numbers were 5. Significance was assessed at the 0.05 level. No significant male vs female differences were found in any of the seafood or mercury filling variables (data not shown, see Table S1 ) so the genders were analysed together.
Results
Cases and Controls
From an initial pool of 1097 questionnaire respondents, 853 eligible ones remained after inclusion criteria (i.e., aged 40 years and over, answered seafood and/or dental questions) were applied ( Figure 2 ). Selection of respondents for analysis. The final datasets of respondents used for analyses was achieved after exclusion criteria were applied for younger age, not answering questions on seafood consumption or dental fillings, and removal of outlier values. CON: control; current: current dental fillings; former: former-only dental fillings; frequency: frequency of seafood consumption; mercury: mercury content of favourite fish; never: replied 'never had any current or former mercury fillings'; outlier: extreme outliers (more than three times the inter-quartile range); M: male; F: Female. Selection of respondents for analysis. The final datasets of respondents used for analyses was achieved after exclusion criteria were applied for younger age, not answering questions on seafood consumption or dental fillings, and removal of outlier values. CON: control; current: current dental fillings; former: former-only dental fillings; frequency: frequency of seafood consumption; mercury: mercury content of favourite fish; never: replied 'never had any current or former mercury fillings'; outlier: extreme outliers (more than three times the inter-quartile range); M: male; F: Female.
These comprised 401 ALS respondents (252 male, 149 female) and 452 non-ALS controls (130 male, 322 female). The mean age of ALS respondents was 61.5 years (SD 9.2 years, range 40-87 years) and of controls was 57.3 years (SD 10.4 years, range 40-89 years), a significant difference on t-testing (p < 0.001). When evaluated by gender, the mean ages of male ALS respondents (62.0 years) and male controls (61.8 years) were not significantly different, while female ALS respondents (mean age 60.7 years) were older than female controls (mean age 55.5 years), p < 0.001 (see Table S2 ).
Common sources of information about the questionnaire cited by respondents were: ALS Associations (39%), the Internet (21%), friends (9%), ALS patients (6%), the USA Centers for Disease Control National ALS Registry (5%), health professionals (5%), community groups (4%), Facebook (4%), the Canadian Neuromuscular Disease Registry (2%) and ALS researchers (2%). The composition of the ALS and control groups was similar with regards to country of residence, ancestry and cultural group. The majority of respondents resided in Australia, the USA and Canada, though residents of a further 29 countries supplied responses ( Table 1) . Eight percent of ALS respondents had at least one relative who had been diagnosed with ALS, and were considered to have familial ALS. The other 92% of ALS respondents were considered to have sporadic (or 'isolated') ALS. As reported by the ALS respondents, 58% had 'classic' (upper and lower motor neuron variant) ALS, 9% progressive muscular atrophy (lower motor neuron variant), 9% progressive bulbar palsy, 8% primary lateral sclerosis (upper motor variant), 8% 'other' and 8% did not know their subtype of ALS. Control respondents were friends (12%), spouses (11%), and blood or non-blood relatives (45%) of ALS patients, individuals from community, research or medical groups (9%), or other categories (22%).
The median online ALS Functional Rating Scale-Revised score [28] (inverted, so that higher scores indicated higher disability) was 13, and scores ranged from 0 to 48 (see Table S1 ). Most respondents were in the range of 6-18, with decreasing numbers as the scores increased, as expected in ALS [29] . The duration of ALS at the time of completing the questionnaire was calculated by subtracting the year of diagnosis from the year of consenting to complete the questionnaire. The median duration of disease was 1 year, with the great majority of respondents having disease durations of 4 years or fewer, as expected in ALS [29] (see Table S1 ).
Frequency of Seafood Consumption
A similar proportion of ALS (N = 386, 97%) and control (N = 432, 96%) respondents ate seafood. The proportions of respondents who ate seafood at different frequencies, ranging from never to daily, did not differ between ALS and control groups (Figure 3) . Chi-square testing of ALS vs. control proportions at each of the eight frequencies showed no statistical differences (data not shown, see Table S1 ), even at frequencies where there appeared to be slight differences between ALS and controls, i.e., more for ALS at once per month and 2-3 per week, and more for controls at once per week. subtracting the year of diagnosis from the year of consenting to complete the questionnaire. The median duration of disease was 1 year, with the great majority of respondents having disease durations of 4 years or fewer, as expected in ALS [29] (see Table S1 ).
A similar proportion of ALS (N = 386, 97%) and control (N = 432, 96%) respondents ate seafood. The proportions of respondents who ate seafood at different frequencies, ranging from never to daily, did not differ between ALS and control groups (Figure 3) . Chi-square testing of ALS vs control proportions at each of the eight frequencies showed no statistical differences (data not shown, see Table S1 ), even at frequencies where there appeared to be slight differences between ALS and controls, i.e., more for ALS at once per month and 2-3 per week, and more for controls at once per week. Figure 3 . Proportion of respondents eating seafood at different frequencies. ALS and control respondents ate seafood at similar frequencies, ranging from never to daily. None of the slight differences in frequency proportions between ALS and controls was statistically significant.
Favourite Seafoods
Of the 386 ALS respondents who said they ate seafood, 378 (98%) nominated at least one favourite type, while of the 432 control respondents who said they ate seafood, 417 nominated at least one favourite type (97%) (see Table S1 ). Some nominated favourite seafoods were not listed in the USA FDA or Australian seafood mercury reports; for the first choice these non-listed seafoods numbered 51 out of 796 cited (6%, 20 ALS and 31 controls), for the second choice 80 out of 737 cited (11%, 27 ALS and 53 controls), and for the third choice 69 out of 636 cited (11%, 27 ALS and 42 controls). A slightly greater proportion of ALS (N = 105, 28%) than control respondents (N = 84, 20%) cited one or more types of shellfish as a favourite type of seafood (OR = 1.5, 95% CI: 1.1-2.1, p = 0.01). No significant difference was found between the 5 ALS (1%) and 14 control (3%) respondents who cited cephalopods as a favourite seafood (OR = 0.4, 95% CI: 0.1-1.1, p = 0.07).
Mercury Consumption from Favourite Seafoods
No difference between ALS and control respondents was seen in the distribution of monthly mercury exposure from favourite seafoods (Figure 4) . The monthly median value for seafood mercury exposure was slightly lower in ALS respondents (39 g per month for ALS, 49 g per month for controls) but these values did not differ significantly (p = 0.13) (see Table S1 ). Proportion of respondents eating seafood at different frequencies. ALS and control respondents ate seafood at similar frequencies, ranging from never to daily. None of the slight differences in frequency proportions between ALS and controls was statistically significant.
Favourite Seafoods
Mercury Consumption from Favourite Seafoods
No difference between ALS and control respondents was seen in the distribution of monthly mercury exposure from favourite seafoods (Figure 4) . The monthly median value for seafood mercury exposure was slightly lower in ALS respondents (39 µg per month for ALS, 49 µg per month for controls) but these values did not differ significantly (p = 0.13) (see Table S1 ). 
Intra-and Inter-Country Comparisons of Mercury Consumption from Favourite Seafoods
The two countries with the largest numbers of respondents were Australia and the USA, so monthly mercury consumption from seafood was compared between, and within, these countries, as well as with all other countries combined ( Table 1, and see Table S1 ). Within all three nationality groups the amount of seafood mercury did not differ between ALS and control respondents. However, both Australian ALS and control respondents had higher seafood mercury consumption than corresponding USA groups. Further analysis showed this was because Australian respondents overall tended to eat seafoods with a higher mercury content (median 54 g/month) than USA respondents (median 31 g/month), while the frequency of seafood consumption was similar between these two countries (Australian median about 2-3 times per month and USA median slightly less than 2-3 times per month). For the other combined countries, seafood mercury intake (median 52 g per month) was similar to that consumed by Australians, whereas the frequency of seafood consumption was higher (at slightly more than 2-3 times per month) than for Australia and the USA. 
The two countries with the largest numbers of respondents were Australia and the USA, so monthly mercury consumption from seafood was compared between, and within, these countries, as well as with all other countries combined ( Table 2 , and see Table S1 ). Within all three nationality groups the amount of seafood mercury did not differ between ALS and control respondents. However, both Australian ALS and control respondents had higher seafood mercury consumption than corresponding USA groups. Further analysis showed this was because Australian respondents overall tended to eat seafoods with a higher mercury content (median 54 µg/month) than USA respondents (median 31 µg/month), while the frequency of seafood consumption was similar between these two countries (Australian median about 2-3 times per month and USA median slightly less than 2-3 times per month). For the other combined countries, seafood mercury intake (median 52 µg per month) was similar to that consumed by Australians, whereas the frequency of seafood consumption was higher (at slightly more than 2-3 times per month) than for Australia and the USA. 
Mercury-Containing Dental Fillings
The proportions of ALS (N = 262, 81%) and control (N = 338, 83%) respondents who had ever had mercury fillings, i.e., either current (occlusal and non-occlusal) or former-only fillings, were similar (OR = 0.8, 95% CI: 0.6-1.2, p = 0.32), and see Table S1 . The distribution of numbers of current fillings did not differ between ALS and control respondents ( Figure 5A) , with the median number of current fillings being 5 in both ALS and control groups (p = 0.25). ALS respondents (N = 188, 58%) were less likely than controls (N = 264, 65%) to have current occlusal fillings (OR = 0.7, 95% CI: 0.5-1.0, p = 0.04). The distribution of numbers of former-only fillings was similar between ALS and control groups ( Figure 5B) , with medians of 2 former-only fillings in ALS respondents and 0 in controls (p = 0.46). 
Intra-and Inter-Country Comparisons of Mercury-Containing Dental Fillings
No differences were seen in median numbers of current (occlusal and non-occlusal) mercury fillings, either between ALS and control respondents who resided within each of the USA, Australia, 
No differences were seen in median numbers of current (occlusal and non-occlusal) mercury fillings, either between ALS and control respondents who resided within each of the USA, Australia, and other countries combined, or between USA and Australian ALS and control respondents (Table 3,  and see Table S1 ). 
Discussion
Key findings in this study are that people with and without ALS had comparable intakes of mercury from their favourite seafoods, and had similar numbers of current or former mercury fillings. In fact, ALS respondents were less likely than controls to have occlusal mercury fillings, which are more likely to be associated with higher levels of intra-oral air mercury because of chewing [30] . Our study therefore found no convincing evidence that people with ALS are exposed to more environmental mercury than controls from either seafood consumption or from mercury-containing dental fillings.
The U.S. Environmental Protection Agency's acceptable daily dose for methylmercury, i.e., the dose that would not be anticipated to result in any adverse health effects, is 0.1 µg/kg per day [31] . Multiplied by 80 kg (the weight of a typical adult) and 30.8 (the average number of days in a month), this gives a value of 246 µg of mercury per month. The median monthly seafood mercury consumption values for our respondents, 39 µg/month for ALS and 49 µg/month for controls, are well below what the U.S. Environmental Protection Agency considers the maximum acceptable level of exposure for methylmercury, assuming that all the mercury in seafood is present as methylmercury. Therefore, the seafood-related mercury consumption we found in most of our respondents would not be expected to be toxic in the absence of complicating susceptibility factors.
Shellfish, which were more likely to be consumed by our ALS respondents, are low in mercury (0.003-0.100 µg/g) but have been found to contain beta-N-methylamino-L-alanine (BMAA) [32] , a postulated risk factor for ALS [33] . This finding therefore supports further research into links between seafood consumption, BMAA and ALS.
The failure to find an increase in mercury exposure from common environmental sources in people with ALS raises the possibility that some susceptibility factors could be responsible for activating mercury that can lie dormant within human motor neurons [9] [10] [11] . This susceptibility could be due to genetic polymorphisms, since a number of genetic variants are implicated in susceptibility to mercury toxicity [34] , or to acquired epigenetic differences [35, 36] , both in accordance with the notion that environmental insults, combined with genetic susceptibility and ageing, trigger the common sporadic form of ALS [37] . Of interest in this regard, a gene-environment interaction involving mercury and mutant superoxide dismutase 1 has been described, which results in increased calcium-mediated glutamate excitotoxicity [38] . Mercury is found often in the human nervous system, since almost half of subjects in an autopsy population from different clinicopathological backgrounds have detectable mercury in the brain stem locus ceruleus, a site that appears to be a marker for previous exposure to mercury [39] . These findings raise the possibility that mercury could be one of the non-genetic factors in a multistep process that is thought to underlie ALS [40] . Susceptibility to mercury in ALS could also arise from multiple toxic metal interactions [41] , or from selenium deficiency, since selenium mitigates mercury toxicity [42] and low selenium levels have been implicated in a number of neurodegenerative diseases [43] .
Our findings provide no evidence that mercury exposure from eating seafood or from dental fillings is related to ALS, but there remain other sources of mercury exposure that were not assessed in this study. For example, mortality rates from ALS have been found to higher in municipalities of Spain where levels above regulatory limits of heavy metals such as mercury are released into rivers [44] . Mercury is also used in many industrial applications, such as the production of chlorine gas and caustic soda, and is also present in thermometers, barometers, batteries, and electrical switches. If appropriate workplace protections are not in place in these occupational settings, exposure to mercury could occur [45] . Some occupational studies give indirect evidence that workplace exposure to mercury in factories may be implicated in ALS because men with ALS tend to have occupations involving lower skills and tasks, typically associated with factory workers [46] . A recent systematic review of occupational exposures in ALS lists 15 studies in which occupational exposure to toxic metals was reported [47] . In five of these, mercury was analysed as an individual metal [48] [49] [50] [51] [52] , but case and control numbers were too small in all of these reports for robust statistical analyses.
Another factor to consider, before rejecting the notion of exposure to mercury being related to ALS, is that ocean levels of mercury are less than a quarter of those expected from known mercury emissions such as coal burning, cement production, waste incineration and small-scale gold mining [53] . This has led to the concept of 'missing mercury' [54] and implies that people may be exposed to mercury without ever being aware of its source. These other sources of mercury exposure are not able to be identified using epidemiological methods, so an alternative approach is to look directly for mercury in the tissues of people with ALS. These can be either peripheral tissues, such as toenails [23] , or central nervous system tissues where mercury, together with other toxic metals, can now be localised within individual regions and cells using methods such as autometallography [9] [10] [11] 55] and laser ablation-inductively coupled plasma-mass spectrometry [39] .
Of interest is the finding that people in the USA eat seafood with a lower mercury content than do people in Australia (and other combined countries), whereas the frequency of seafood consumption in these two countries is similar. This did not affect our finding of no increased mercury consumption from eating seafood in ALS respondents, but it may have implications for epidemiological studies of mercury-associated disorders when comparisons are made between countries. This finding shows the value of internationally-available surveys in looking at disorders that could be triggered by environmental agents.
The limitations of online questionnaires in the investigation of ALS risk factors have recently been summarised [56] . Limitations specific to the present study are: (1) The female ALS respondents were older than their female controls. However, this means that the ALS females would have had a longer period of time in which to accumulate environmental mercury from the two sources of exposure, but no female ALS-control exposure differences were found to indicate this was the case (data not shown).
(2) We were not able to trace the mercury content of a small number of reported favourite seafoods, but the proportion of these was similar in ALS and control respondents. (3) Recall bias is always a concern in case-control studies, but ALS and control respondents gave similar depths of detail in response to questions on seafood consumption and dental fillings, suggesting that recall bias is unlikely to play a major in this study. Furthermore, since we found no differences between ALS and control respondents, any recall bias on the part of control respondents (who could tend to be less assiduous in recalling seafood consumption or numbers of dental fillings) implies that control respondents actually consumed more seafood and had more amalgam filling than they reported, which would reinforce our finding that these exposures are not risk factors for ALS.
Conclusions
This international online study did not find evidence that mercury exposure from either seafood consumption or from mercury-containing dental fillings is more common in people with ALS than in controls. If mercury does play a role in the pathogenesis of ALS, it seems likely that other factors such as genetic or epigenetic susceptibilities to mercury toxicity, multiple toxic metal interactions, or selenium deficiency would need to be present to trigger the disease, or that a link between mercury and ALS could arise from other as yet undefined environmental or workplace sources. Further international comparisons of mercury intake in ALS from fish consumption and dental amalgam fillings will be possible once we obtain more responses to our ongoing online risk factor questionnaire.
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